
May 29, 1934. C. A. SABBAH 1,961,080 
ELECTRIC WALWE CONVERTING SYSTEM 

Filed May 5, 1933 

M2 A2 Fig. 1. 
25 

-s stres 

InVentor: 
Camil A. Sabbah, 

by 4-6-27 cee-4- His Attorney. 

  

  

  

  

  



5 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

Patented May 29, 1934 

UNITED STATES 
1961,080 

PATENT OFFICE 
1961,080 

ELECTRIC VALVE CONVERTNG SYSTEM 

Camil A. Sabbah, Schenectady, N. Y., assignor to 
General Electric Company, a corporation of 
New York 

Application May 5, 1933, Serial No. 669,553 
10 Claims. 

My invention relates to electric valve convert 
ing systems and more particularly to Such Systems 
suitable for transmitting energy between direct 
current circuits of different Voltages. 

Heretofore, there have been proposed numer 
ous electric valve converting systems for trans 
mitting energy between direct and alternating 
current circuits, independent alternating current 
circuits of the same or different frequencies, Or 
direct current circuits of different Voltages. Ap 
paratus of this latter type have, in general, Com 
prised separate inverting apparatus and rectify 
ing apparatus coupled through a common alter 
nating current circuit. In such an apparatus, the 
energy passing from one direct current circuit to 
the other, flows through two independent groupS 
of valves so that the kv-a, rating of the equip 
ment as a whole is substantially greater than the 
kv-a. transmitted between the two direct current 
circuits. 

It is an object of my invention to provide a new 
and improved electric valve converting System 
for transmitting energy between two direct Cur 
rent circuits of different voltages which will Over 
come the above-mentioned disadvantages of the 
arrangements of the prior art, and which will be 
simple and reliable in Operation, 

It is another object of my invention to provide 
an improved electric valve converting System for 
transmitting energy between direct current cir 
cuits of different voltages in which the kV-a. rat 
ing of the equipment as a whole will not Substan 
tially exceed the kV-a, of the energy transmitted 
between the circuits. 

In accordance with my invention I use an elec 
tric valve converting apparatus of the type dis 
closed in United States Letters Patent No. 
1907,589 granted May 9, 1933 upon my appli 
cation. That patent discloses a valve converting 
apparatus for transmitting energy between di 
rect and alternating current circuits and com 
prising a multi-legged reactor, the several 
branches of which carry inductive windings, cor 
responding terminals being connected to one side 
of the direct current circuit through one group 
of valves and to the other side of the direct cur 
rent circuit through a second group of valves. 
The alternating current circuit is connected to 
the electrical midpoints of the Several inductive 
Windings. In the present invention intermediate 
terminals of the several inductive windings of 
the reactor are connected directly together or to 
the phase terminals of a polyphase alternating 
current network. The common connection of the 
intermediate terminals or the neutral point of 
the inductive network forms one terminal of the 
low voltage direct current circuit while the other 
terminal of the low voltage circuit is common 
with one terminal of the high voltage circuit. It 
is to be understood that the terms “low voltage' 

RESSUED 
and “high voltage' do not imply any absolute 
Values but Only the relative values of the voltages 
of the two direct current circuits. The system 
thus in effect becomes a direct current autotrans 
former in which the full windings of the reactor 
device comprise the high Voltage windings and 
the portions included between the alternating 
Current terminals and the common terminal of 
the low voltage direct current circuit comprise 
the Secondary windings, or vice versa. 

For a better understanding of my invention, 
together with other and further objects thereof, 
reference is had to the following description tak 
en in Connection with the accompanying drawing 
and its Scope will be pointed out in the appended 
claims. In the drawing Fig. 1 illustrates a con 
verting System embodying my invention for trans 
mitting energy between two direct current cir 
cuits of different voltages, while Fig. 2 shows a 
modified form of the invention which is suitable 
for Supplying in addition an alternating current 
load circuit. 
Referring now more particularly to Fig. 1 of 

the drawing, there is illustrated an arrangement 
embodying my invention for transferring energy 
between a relatively high voltage direct current 
circuit 10-11 and a relatively low voltage direct 
Current circuit 11-12, having a common terminal 
11. This system includes an electric valve con 
verting apparatus of the type disclosed in my 
aforementioined patent, comprising a reactance 
device 13 having a three-legged magnetic core 
member, the several branches of which carry in 
ductive Windings 14, 15 and 16. Corresponding 
terminals of the Windings 14, 15 and 16 are con 
nected to the direct current terminal 10 through 
a group of electric valves 17, 18 and 19, while the 
other terminals of these windings are connected 
to the direct current terminal 11 through a group 
of Valves 20, 2i and 22, respectively. Each of 
the several electric valves 17-22, inc., is provided 
With an anode, a cathode and a control grid, 
and may be of any of the Several types well known 
in the art, although I prefer to use valves of the 
gaseous or vapor electric discharge type. Each 
of the Windings 14, 15 and 16 is provided with 
an intermediate terminal, these terminals divid 
ing the Several windings into portions having the 
Same turn ratio. The intermediate terminals 
of the windings 14, 15 and 16 are connected to 
the several phase terminals of a three phase Y 
Connected inductive network 23, the electrical 
neutral of which is connected to the direct current 
terminal 12 through a smoothing reactor 24. 
However in certain cases the inductive network 23 
may be omitted and the intermediate terminals 
of the windings 14, 15 and 16 connected together 
to form one terminal 12 of the direct current 
circuit. 
In case the electric valves 17-22, inc., are of 
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the gaseous or vapor electric discharge type, the 
current cannot be commutated between then, 
under certain operating conditions, by the grid 
circuits alone, and it is necessary to connect the 
commutating capacitors 25, 26 and 2 in circuit 
with the windings 14, 15 and 16, respectively, 
either across the full windings, as illustrated, or 
across portions thereof. In order to render the 
several electric valves 1-22, inc., conductive in 
the proper sequence, their grids are connected to 
their respective cathodes through current limite 
ing resistors 28 and appropriate phase windings 
of the secondary network 29 of a grid trans 
former, the primary network 30 of which is con 
nected to an alternating current circuit 31 of any 
suitable frequency. 

the general principles of operation of the 
above described converting apparatus per se will 
be well understood by those skilled in the art, or 
may be found explained in detail in my above 
mentioned patent. In brief, neglecting the leak 
age reactance of the device 13, the several wind 
ings 14, 15 and 16 serve to maintain the total 
magnetomotive force and that of each of the 
arms of the magnetic core structure 13, at a con 
stant valve. In order to satisfy this condition, 
and the condition that all currents flowing from 
one side of the direct current circuit must equal 
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those flowing to the other side (neglecting the 
auxiliary direct current circuit 1-12) it has 
been demonstrated both analytically and experi 
mentally that each of the several electric valves 
is conductive for 240 electrical degrees of each 
cycle, the valves becoming conductive in a pre 
determined sequence at a frequency equal to that 
of the alternating current circuit 31, from which 
the grids of the several electric valve are con 
trolled. In case the inductive network 23 is not 
connected to an independent source of electro 
notive force, the leakage reactance of the react 
ance device 13 and the inductive network 23 will 
tend to cause the current in the system to be 
slightly lagging with respect to the alternating 
electromotive force of the network 23. Such an 
Operation involves the transfer of load current 
between the several electric valves at points in the 
cycle of alternating current when the electro 
notive force of the windings interconnecting 
the valves opposes such commutation. This may 
be compensated for, as is well understood by those 
skilled in the art, by connecting the commutating 
capacitors 25, 26 and 27 across the windings 14, 
15 and 16, respectively, these capacitors com 
pensating for the reactance of the system. 
An alternating electromotive force may be 

drawn from the intermediate terminals of the 
Windings 14, 15 and 16, as is done in the case 
of the apparatus of my afore-mentioned patent. 
In addition, however, it has been shown both ex 
perimentally and analytically that a unidirec 
tional component of voltage exists between the 
electrical neutral of the network 23 and the tero 
minals 10 and 1 and that the magnitude of this 
linidirectional voltage bears the same ratio to 
the voltage of the direct current circuit 10-11 
as the number of turns of the lower portions of 
the windings 14, 15 and 16 to that of the whole 
windings. An alternating electromotive force 
also exists in the windings of the inductive net 
work 23 and this electromotive force may be uti 
lized in an independent alternating current cir 
cuit, if desired. This alternating component may 
be Suppressed from the low voltage direct current 
circuit 1-2 by means of the Series reactor 24 or 
any other Suitable filter circuit. In case the net 

In the system of Fig. 2 also, the networks 23a. 

1,961,080 
work 23 is omitted, the operation is substantially 
the Same, the alternating components of voltage 
appearing across the inductive windings 14, 15, and 
16 and the reactor 24. Thus, in effect, the above 
described apparatus comprises a direct current 80 
autotransformer, by means of which energy may 
be transmitted between a relatively high voltage 
direct current circuit and a relatively low voltage 
direct current circuit, either of which may be 
the Supply circuit. The ratio of the voltages of 85 
the circuits may be varied by varying the phase 
relation of potentials applied to the grids of the 
valves 17, 18 and 19 with respect to those applied 
to the valves 20, 21 and 22 in any well known 
manner. 
The above-described apparatus constitutes a 

simple three phase converting apparatus. In the 
arrangement of Fig. 2 is shown a double three 
phase converting apparatus by means of which 
certain economy in the commutating apparatus 
may be secured. In this figure, two converting 
apparatus A and B, each Similar to the converting 
apparatus of Fig. 1 and each having its corre 
Sponding elements similarly numbered with the 
Subscripts a Yand b to identify the converting 
apparatus of which it is a part, are combined to 
form a double three phase converting system. 
With Such an arrangement, the electrical neutrals 
of the networks 23a and 23b are interconnected 
through an interphase transformer 32, the elec- 105 
trical midpoint of which is connected to the di 
rect current terminal 12 through the current 
Smoothing reactor 24. In this arrangement, a 
Single commutating capacitor 33 may be con 
nected acroSS the interphase transformer 32 to 
provide the necessary commutating electromotive 
force. In this arrangement, the capacitor 33 op 
erates at a third harmonic frequency which en 
ables a considerable reduction in its size and cost. 
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and 23b are illustrated as comprising primary net- 115 
Works of an output transformer, the secondary 
network 34 of which is connected to an alternat 
ing current load circuit 35. In this manner, en 
ergy may be supplied from a high voltage direct 
current circuit to a low voltage direct current, or 
vice versa, and at the same time energy may be 
supplied to an alternating current circuit from 
the same apparatus. 
While I have described what I at present con 

sider the preferred embodiments of my inven 
tion, it will be obvious to those skilled in the art 
that various changes and modifications may be 
made without departing from my invention, and 
, therefore, aim in the appended claims to cover 30 

all such changes and modifications as fall within 
the true spirit and scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. An electric valve converting system com- 35 

prising a relatively high voltage direct current 
circuit, a relatively low voltage direct current 
circuit, said circuits having a common terminal, 
an electric valve converting apparatus connected 
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across said high voltage circuit and including a 40 
plurality of inductive windings provided with 
intermediate terminals, said intermediate ter 
minals being interconnected to form the other 
terminal of Said low voltage circuit, 

2. An electric Valve converting system compris 
ing a relatively high voltage direct current cir 
cuit, a relatively low voltage direct current cir 
cuit, Said circuits having a common terminal, an 
electric Valve converting apparatus connected 
across Said high Voltage circuit and including a 50 
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plurality of inductive windings provided with in 
termediate terminals, and an inductive netWork 
interconnecting said intermediate terminals and 
provided with an electrical neutral forming the 
other terminal of said low voltage circuit. 

3. An electric valve converting System compris 
ing a relatively high voltage direct current cir 
cuit, a relatively low voltage direct current cir 
cuit, said circuits having a common terminal, 
a plurality of pairs of electric valves, a reactance 
device provided with a plurality of Windings, Said 
valves and windings being connected to form a 
plurality of paths across said high voltage cir 
cuit, each including One of Said Windings and One 
of said pairs of valves, a connection between in 
termediate terminals of said windings, forming 
the other terminal of said low Voltage circuit, and 
means for rendering said valves coniductive in a 
predetermined sequence. 

4. An electric valve converting system com 
prising a relatively high voltage direct current 
circuit, a relatively low voltage direct current 
circuit, said circuits having a common terminal, 
a polyphase reactance device comprising an 
n-legged core structure having a Winding On each 
leg, a pair of groups of electric Valves, each Con 
necting corresponding terminals of said Wind 
ings to one side of said high voltage circuit, each 
of Said windings being provided With an inter 
mediate terminal, a plurality of other Windings 
connected to form an in-phase winding System in 
terconnecting said intermediate terminals and 
provided with an electrical neutral forming the 
other terminal of Said low voltage circuit, and 
means for rendering said valves conductive in a 
predetermined sequence. 

5. An electric valve converting System compris 
ing a relatively high voltage direct current cir 
cuit, a relatively low voltage direct current cir 
cuit, said circuits having a common terminal, a 
polyphase reactance device comprising an 
n-legged core structure having a winding on each 
leg, a pair of groups of electric Valves, each con 
necting corresponding terminals of Said windings 
to one side of said high Voltage circuit, each of 
said windings being provided With an intermediate 
terminal, a commutating, capacitor connected in 
circuit with each of said windings, a connection 
between said intermediate terminals forming the 

50 other terminal, of said low voltage circuit, and 
means for rendering said valves conductive in a 
predetermined Sequence, 

6. An electric valve converting System compris 
ing a relatively high voltage direct current circuit, 
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a relatively low voltage direct current circuit, 
said circuits having a common terminal, a poly 
phase reactance device comprising an in-legged 
core structure having a winding on each leg, a 
pair of groups of electric valves, each connecting 
corresponding terminals of said windings to one 
side of said high voltage circuit, each of 
said windings being provided with an interme 
diate terminal, a commutating capacitor connect 
ed in circuit with each of Said Windings, an 
n-phase inductive network interconnecting said 
intermediate terminals and provided with an 
electrical neutral forming the other terminal of 
Said low voltage circuit, and means for rendering 
said valves conductive in a predetermined se 
quence. 

7. An electric valve converting system compris 
ing a relatively high voltage direct current circuit, 

3 
a relatively low voltage direct current circuit, 
Said circuits having a common terminal, an elec 
tric valve inverting apparatus connected acroSS 
said high voltage circuit and including a plurality 
of inductive windings provided with intermediate 
terminals, a plurality of other inductive windings 
connected to form a winding system interconnect 
ing said intermediate terminals, said winding Sys 
ten having an electrical neutral forming the 
other terminal of Said low voltage circuit, and an 
alternating current load circuit including said 
Winding System. 

8. An electric valve converting system compris 
ing a relatively high voltage direct current cir 
cuit, a relatively low voltage direct current circuit, 
Said circuitS having a common terminal, a poly 
phase reactance device comprising an n-legged 
core Structure having a winding on each leg, a 
pair of groups of electric valves, each connecting 
corresponding terminals of said windings to one 
Side of Said high voltage circuit, each of said wind 
ings being provided with an intermediate ter 
minal, a plurality of other windings connected to 
form a 1-phase Winding System interconnect 
ing Said intermediate terminals and provided with 
an electrical neutral forming the other terminal 
of Said low Voltage circuit, an alternating current 
load circuit energized from said winding system, 
and means for rendering said valves conductive 
in a predetermined sequence. 

9. An electric valve converting System compris 
ing a relatively high Voltage direct current circuit, 
a relatively low voltage direct current circuit, said 
circuits having a common terminal, a pair of poly 
phase reactance devices each comprising an 
72-legged core structure having a winding on each 
leg, a pair of groups of electric valves, each con 
necting corresponding terminals of said windings 
to One side of said high voltage circuit, each of 
Said Windings being provided with an interme 
diate terminal, and n-phase inductive networkin 
terconnecting the intermediate terminals of the 
windings of each of said reactance devices and 
provided with an electrical neutral, an interphase 
inductive Winding interconnecting said neutrals 
and itself provided with an electrical neutral 
forming the other terminal of said low voltage 
circuit, and means for rendering said valves con 
ductive in a predetermined sequence. 

10. An electric valve converting system com 
prising a relatively high voltage direct current 
circuit, a relatively low voltage direct current cir 
Cuit, Said circuitS having a common terminal, a 
pair of polyphase reactance devices each con 
prising an in-legged core structure having a wind 
ing on each leg, a pair of groups of electric waves, 
each connecting corresponding terminals of said 
Windings to one side of said high voltage circuit, 
each of Said Windings being provided with an in 
termediate terminal, an in-phase inductive net 
Work interconnecting the intermediate terminals 
of the Windings of each of said reactance devices 
and provided with an electrical neutral, an inter 
phase inductive winding interconnecting said 
neutrals and itself provided with an electrical 
neutral forming the other terminal of said low 
voltage circuit, a commutating capacitor connect 
ed across said interphase inductive winding, and 
means for rendering said valves conductive in a 
predetermined sequence. 

CAMIL, A, SABBAH. 
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